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@ A flexible magnetic medium (10) having a plural- 
ity of optical servo tracks (14) indelibly marked on 
the medium and a method for stamping the tracks 
on the medium. The optical servo tracks (14) com- 
prise a plurality of circular- concentric regions posi- 
tioned on a face of a floppy disk with each circular 
region comprising a plurality of pits (26). The optical 



servo tracks are imprinted on the floppy disk (64) by 
placing a stamper disk (58) bearing a template (60) 
of the optical servo tracks In a hydraulic press (68) 
and pressing the stamper disk (58) and floppy disk 
(64) together, typically under 775 to 1400 bars (5 to 
9 tons per square inch of pressure). 
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HIGH TRACK DENSITY MAGNETIC MEDIA WITH PITTED OPTICAL SERVO TRACKS AND METHOD FOR 

STAMPING THE TRACKS ON THE MEDIA 



BACKGROUND OF THE INVENTION 



Reld of the Invention 

The present invention relates to information 
storage media possessing optical servo tracks and 
a method for stamping the optical servo tracks into 
the media More particularly, the media is a mag- 
netic disk media, the optical servo tracks comprise 
a plurality of pits grouped in concentric rings on 
the surface of the media and the stamping method 
involves pressing a stamper disk directly onto tiie 
magnetic media under pressure thereby transfer- 
ring the optical servo track pattern onto tine mag- 
netic media 



Description of the Prior Art 

The track density of magnetic storage disks for 
conventional floppy disk drives is approximately 1.9 
to 5.3 T/mm (48 to 135 TPI (trachs per inch)). 

In contrast, optical disk drives are capable of 
achieving track densities in excess of 15,000 TPI. 
These higher track densities are achieved tiirough 
tile use of closed loop optical servos tiiat allow the 
read/write head to follow data track eccentricities 
caused by defects in the medium and by distur- 
bances from outside forces. In rigid type magnetic 
disk drives, track densities of up to 2100 TPI are 
presently used. These drives commonly have mul- 
tiple disks in which both sides are used for data. 
To achieve tiie high track density a dedicated 
surface of one of the disks is used for magnetic 
track servo information. This surface is then not 
usable for data storage. Thus, the total capacity of 
the drive is lessened. The tracking servo informa- 
tion is also capable of being accidentially erased 
causing loss of access to all data. 

Various techniques have been reported for us- 
ing optical means for acquiring ti'ack following ser- 
vo information contained on a magnetic recording 
medium. For example, Ahn, et al, in U.S. Patent 
4.633,451, issued on December 30, 1986. for 
"Optical Servo For Magnetic Disks", discloses the 
use of a laser diode to read track following servo 
information in the form of a plurality of spots con- 
tained in an optical layer positioned above a mag- 
netic recording lay r. 

M. Johnson, in U.S. Patent 4,588,383, issued 
on December 10. 1985. for "Information Storage 
Disk Transducer Position Conti-ol System Using a 



Prerecorded Servo Pattern Requiring No Alignment 
With tiie Storage Disk", discloses a servo appara- 
tus having a sensor for detecting a pattern of spots 
on a surface of an infomnation storage medium. 

5 The spots comprise a dense anray of substantially 
translation invariant marks and separate information 
recording tracks are detected by measuring the 
rate at which the spots are detected by the sensor. 
I J. Cocke, et al., in U.S. Patent 4,587.579, is- 

10 sued on May 6, 1986, for "System for Position 
Detection on a Rotating Disk", discloses a servo 
control system comprising a detector for reading a 
plurality of spiral radial-position-encoding patterns 
on a medium. 

75 H. Kinjo, et al., in U.S. Patent 4,315.283. issued 
February 9, 1982, discloses an apparatus for burn- 
ing a sen^o pattern comprising a plurality of oval 
pits Into the surface of a medium. 

A.S. Hoagland, in "Optical Servo of Magnetic 

20 Recording". IBM Technical Disclosure Bulletin, Vol. 
20, No. 10. page 4108 (March 1978), suggests a 
system for achieving optical servo control where a 
flexible disk medium includes a plurality of optical 
servo t'acks positioned underneath a magnetic !ay- 

26 er. 

D.A. Thompson, et al., in "Embossed Servo 
Techniques for Floppy Disks", I ERE Conference 
Proceedings, No. 43, p. 321 (July 1979). discloses 
the use of embossed mari<s on magnetic tape 

30 media, and dies for making the embossed marks, 
for obtaining non-magnetic optical or capacitive 
servo information. The paper suggest tiiat tiie tech- 
nique could be applied to floppy disks. 

N. Koshino and S. Ogawa, in "Optical Method 

35 of the Head Positioning in Magnetic Disk Sys- 
tems", preprint from IEEE Transactions on Mag- 
netics (1980), discloses an optical head foFachiev- 
ing track following servo confrol which is mounted 
on the head amn and which includes an LED light 

40 source and three optical fibers for delivering light to 
a medium. The medium comprises a plurality of 
circular optical tracks, dyed black, and located un- 
derneath a magnetic film. 

Related work has occurred in the laser video 

45 disk area, from which optical disks for digital data 
storage and the audio laser disk (CD) have 
evolved. Fundamentally, the optical servo informa- 
tion is inscribed and used in tiie same way for all 
these disks. A mastering machine is used to format 

50 optical information onto a master disk. The master 
is tiien replicated to form tiie actual disk used by 
the customer. A laser and associated optics are 
used to acquire tiie mastered servo information as 
well as read data from the disk. Th data can be 
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inscribed during the mastering process as with tlie 
video and audio disks or it can be written by the 
read/write laser as in disks for digital information 
storage. 

R.E. Acosta. et al.. in "Floppy Disc Embossing 
For Servo Applications". \BM Technical Disclosure 
Bulletin. Vol. 21, No. 10 (March 1979). suggests 
adopting read-only video technology for the servo 
control of floppy disks. It is suggested that a mas- 
ter die could be used to stamp or emboss a pattern 
of indentations for servo tracking purposes on a 
magnetic recording medium. However, no actual 
stamping method or servo pattern is disclosed. 

K.D. Broadbent, in "A Review of the MCA 
Disco-Vision System", Journal of the SMPTE 
(1974). describes the laser video mastering tech- 
nique as well as the servo and read back methods. 
A master disk is formed by using an argon laser to 
ablate pits in a metallic layer deposited on a glass 
plate. The master disk is then coated with 
photoresist which is exposed through the pits. After 
washing away the undeveloped photoresist, 
"bumps'* of polymerized photoresist are left over 
the pits. This paper refers to. but does not dis- 
close, a process for using the master disk to form 
replicas on a polyethylene terephthalate (Mylar) 
medium. 

Broadbent's paper also states that the master 
disk can be electrolytically treated to fonm a stamp- 
er tool from which replicas are themnoformed. 

J.S. Winslow, in "Mastering and Replication of 
Reflective Videodiscs", IEEE Transactions on Con- 
sumer Electronics, p. 318. November 1976, de- 
scribes the videodisk mastering technique in fur- 
ther detail. 

Similarly, B. Jacobs, in "Laser Beam Record- 
ing of Video Master Disks". Applied Optics, Vol. 
17. p. 2001 (July 1. 1978), describes the process of 
making a master disk using a laser to inscribe a pit 
pattern on a rotating substrate coated with a thin 
film of photoresist. 

An article in OEP, p. 48, May 1987. entitled 
"Daicel Leads Development of the Optical Memory 
Disk Supported by Chemical Technology", shows 
how a stamper disk is used to fomn an optical disk 
through an injection molding process. 

None of these references disclose a practical 
method for applying high track density optical ser- 
vo tracks to a floppy disk type magnetic medium. 

SUMMARY OF THE PRESENT INVENTION 



It is therefore an object of the present invention 
to provide a practical method for imprinting high 
track d nsity optical servo tracks onto a flexible 
magnetic medium. 



It is another object of the present invention to 
provide a metiiod for imprinting high track density 
optical servo tracks onto a flexible magnetic me- 
dium that improves data reading performance. 
5 It is another object of tiie present invention to 

provide a pattern for high track density optical 
servo tracks that yields a high degree of optical 
contrast. 

Briefly, a prefen'ed embodiment of the present 

70 invention comprises a method for imprinting high 
track density optical servo tracks on a floppy disk 
which includes the step of pressing a stamper disk, 
bearing a template of the optical servo track pat- 
tern, against the floppy disk, under pressure, 

15 prefenrably in the range of 775 to 1550 bars (5-10 
tons per square inch). Under tiiis amount of pres- 
sure, not only is the optical servo track pattern 
transferred from the stamper disk to the floppy 
disk, but imperfections on the surface of tiie floppy 

20 disk are also smoothed out (calendered) thus allow- 
ing the magnetic read/write head to fly closer to the 
floppy disk surface which improves data reading 
performance. 

Steps are taken to insure that the surfaces of 

25 the stamper disk and the floppy disk are held 
parallel so that the optical servo track is evenly 
transferred to the floppy disk. This is accomplished 
by either holding both the stamper disk and tiie 
floppy disk perfectly parallel and flat or by holding 

30 one disk rigid and flat and mounting the other disk 
on a gimbeled platform that allows the platform to 
tilt so as to conform to the flat-mounted disk. 

The prefenred pattern for tiie optical servo 
tracks comprises a plurality of equally spaced con- 

35 centric circular rings, witii each ring having a dif- 
ferent diameter and being comprised of a plurality 
of small eliptically-shaped pits. The pits are ar- 
ranged in rows of five with each row extending 
across the width of the circular ring. A plurality of 

40 smooth areas exist around each pit. A data track 
ring is positioned between every two optical servo 
tracks. 

The pit configuration for the optical servo 
tracks is chosen because the pits are effective light 

45 scatterers that provide the optical servo tracks with 
sufficient contrast to allow an optical detector to 
distinguish between the optical servo tracks and 
the more reflective data tracks. 

The stamper disk is constructed in the same 

so manner that stamper disks for use in optical disk 
manufacturing processes are manufactured. For ex- 
ample, a master disk is formed by applying a 
uniform layer of negative photoresist to a polished 
glass substrate. The optical track pit pattern is then 

55 constructed by exposing the photoresist al pre- 
detemnined spots witii a laser, a process which 
leaves "pits" at all tiie exposed sites after the 
developed photoresist is washed away. The stamp- 
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er disk is constructed by lectroforming a metal 
film on the master disk. When the stamper disk is 
separated from the glass master, it contains a 
template of th pit pattern in the form of a plurality 
of "bumps". 

The stamper disk is mounted on a stamper 
disk mount and a conventional floppy disk is moun- 
ted on a disk mount. The stamper disk and the 
floppy disk, with their respective disk mounts, are 
mounted in a hydraulic press with the surfaces of 
the stamper disk and floppy disk maintained par- 
allel to each other within 1.27 um (5.0 x 10"^ 
inches). The optical servo track pattern is formed in 
the floppy disk when the "bumps" in the stamper 
disk are pressed into the floppy disk surface under 
pressure. This process differs from conventional 
compression molding or embossing in that no tem- 
perature elevation is utilized in the stamping pro- 
cess of the present invention. The preformed, con- 
ventional floppy disks are compressed under pres- 
sure at room temperature. By utilizing this process, 
a large quantity of disks can be stamped in a given 
unit of time. 

An advantage of the present invention is that 
the optical servo track pattem can be applied di- 
rectly to a conventional floppy disk. 

Another advantage of the present invention is 
that each stamped disk contains an indentical op- 
tical servo track pattem. 

Another advantage of the present invention is 
that only a small amount of time is required to 
stamp tiie optical servo track pattem on each flop- 
py disk. 

Another advantage of the present invention is 
that the stamping process smooths out the surface 
of the floppy disk, permitting the read/write heads 
to fly closer to the surface of the floppy disk. 

Another advantage of the present invention is 
tiiat the optical servo track pattem provides optical 
contrast that is readily detectable by an optical 
detector. 

These and other objects and advantages of the 
present invention will no doubt become obvious to 
those of ordinary skill in the art after having read 
ttie following detailed description of the preferred 
emt>odiment(s) which are illustrated in the various 
drawing figures. 



IN THE DRAWING 



Fig. 1 illustrat s a top view (not to scale) of a 
flexible magnetic disk according to the present 
invention with the details of the optical servo 
tracks shown in an exposed segment; 
Fig. 2 is a partial cross-sectional view of the 
optical servo track taken along tiie line 2-2 of 



Rg.i; 

Rg. 3 is a flow chart illustrating the steps In tiie 
meti^od of stamping optical servo tracks on a 
floppy disk; 

5 Rg. 4 illustrates a side view of a hydraulic press 
(not to scale); 

Rg. 5 illustrates a gimbaied disk mount for use 
in the metiiod shown in Rg. 3; 
Rg. 6 illustrates a template pattern appearing on 
10 a stamper for use in fonming optical servo 
tracks; and 

Rg. 7 illustrates a top view of a piece of mag- 
netic tape having a plurality of Indelible marks 
stamped on the tape. 

16 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIIVIENT 



20 Fig. 1 shows a flexible magnetic disk 10 con- 
taining a plurality of optical servo tracks 14 and a 
plurality of data recording areas 18. The optical 
servo tracks 14 are arranged in equally spaced 
concentric circles on a surface 22 of tiie magnetic 

25 disk 10. Each of the optica) servo tracks 14 are 
comprised of a plurality of pits 26 shown in tiie 
expanded portion of Rg. 1. In the preferred em- 
bodiment, the pits 26 are elliptical in shape and are 
arranged in a plurality of rows 30, with each row 30 

30 including five of the pits 26. Each row 30 includes 
a pair of outside pits 32 which mark the beginning 
and end of a row 30. The number of pits per row or 
tiie shape of the pits may vary with tiie particular 
use requirements of the magnetic disk 10. The 

35 optical servo tracks 14 may also appear on a 
surface 33 (shown in Fig. 2) positioned on the 
opposite side of the disk 10 from the surface 22 so 
that the optical servo tracks 14 appear on both 
sides of the disk 10. 

40 The flexible magnetic disk 10 is a standard 
flexible magnetic disk to which the optical servo 
tracks 14 have been added. The data recording 
areas 18 are areas on the disk 10 circumscribed on 
two sides by separate optical servo tracks. De- 

45 pending on tiie application, one or more magnetic 
data tracks can be recorded on each of tiie data 
recording areas 18. 

An optical head 34, which is not part of the 
present invention, moves over the surface 22 and 

so follows the optical servo tracks 14. For example, 
tiie optical head 34 can include a light source for 
illuminating the optical servo tracks 14 and a detec- 
tor for det cting light reflected by tiie optical servo 
tracks 14. Optical servo information derived from 

65 the light reflected off th optical servo tracks 14 is 
used to position a magnetic read and/or write trans- 
ducer 38 over tiie data recording areas 18 for 
reading and/or writing magn tic data on the data 
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recording areas 18. 

Rg. 2 shows a cross-sectional view of one of 
th rows 30. The magn tic dislc 10 is comprised of 
a polyethylene terephthalate (Mylar) substrate layer 
42 coated with a first magnetic recording layer 44. 
A second magnetic recording layer 45 Is coated on 
the opposite side of the substrate layer 42 from the 
first magnetic recording layer 44. In the prefeaed 
embodiment, the magnetic recording layer 44 and 
45 comprise barium ferrite encapsulated in poly- 
mer binders. However, other materials such as 7 - 
fenic oxide or other metals, suspended in other 
binders, can also be used. The pits 26 are de- 
pressed regions in the surface 22. The pits 28 have 
a depth "d" and a width "w". Typically, the depth 
"d" is chosen so that the pits 26 do not extend 
completely through the magnetic recording layer 
44. A plurality of smooth regions 46 surround each 
of the pits 26. The smooth regions 46 reflect light 
better than the pits 26. With the outside pits 32. the 
smooth region 46 is continuous with the data re- 
cording area 18 as illustrated In Rg. 2. Each row 
30 includes five pits and has a width "b". In the 
preferred embodiment, the depth "d" is approxi- 
mately 0.5 um (20 microinches). the width "w" is 
approximately 0.76 um (30 microinches) and the 
width "b" is approximately 4.57 um (180 microin- 
ches). The separation between the optical servo 
tracks 14 ("p" in Rg. 1) is approximately 20.32 um 
(800 microinches), 

Rg. 3 is a flowchart showing the steps involved 
in imprinting the optical servo tracks 14 on the 
magnetic disk 10. A surface 48 of a glass substrate 
50 is coated with photoresist and a laser beam is 
utilized to expose a plurality of spots in the con- 
figuration of the pits 26. The photoresist is devel- 
oped to remove the exposed spots, thus fomiing a 
glass master 54 which includes the coating of 
photoresist containing a plurality of holes 55 where 
the exposed spots have been removed. The glass 
master 54 is then plated with a metal coating, such 
as an eleven mil thick plate of nickel, by an elec- 
troforming process, to yield a stamper disk 58 
which is then separated from the glass master 54. 
After the metal stamper disk 58 is separated from 
the glass master 54. a template 60 comprising a 
plurality of metal bumps 61 (shown in Rg. 6) 
remains on a surface 62 of the stamper disk 58. 
The metal bumps 61 are formed during the elec- 
troplating process when metal is deposited in the 
holes 55 of the photoresist coating. 

The stamper disk 58 and a conventional flexi- 
ble magnetic (floppy) disk 64, such as a 2.0, 3.5, 
5.25 or 8.0 inch floppy disk, ar mounted on flat 
plat s and assembled in a conventional press 66. 
When the floppy disk 64 and th stamper disk 58 
ar assembled in the press 66. a surface 67 of the 
floppy disk 64 and the surface 62 of the stamper 



disk 58, must be parallel. In the preferred embodi- 
ment, a 3.5 inch floppy disk conforming to the 
ANSI specification #X3B/86-57 and having a bari- 
um fen-ite layer as the magnetic recording layer 44 

5 is utilized as the flexible magnetic disk 64. 

Rg. 4 illustrates a one hundred ton hydraulic 
press 68 which is utilized as the press 66 in the 
preferred embodiment. Other types of presses, be- 
sides hydraulic presses, could be used as ^e 

10 press 66. The hydraulic press 68 comprises an 
upper press member 70. a lower press member 72 
and a hydraulic system 74. A precision die set 76. 
which comprises a top die plate 78. a die base 80. 
a flat disk mount 82, a stamper disk mount 84. a 

75 first pair of guide pins 86. a second pair of guide 
pins 87 (not shown) and a plurality of bearings 88. 
positioned between the upper and lower press 
members 70 and 72. respectively. The flexible 
magnetic disk 64 is placed on the flat disk mount 

20 82, which is positioned on the die base 80, and the 
stamper 58 is positioned on the stamper disk 
mount 84 which is attached to the top die plate 78. 
The top die plate 78 and the die base 80 are 
positioned on the upper and lower press members 

25 70 and 72. respectively. The first pair of guide pins 
86 extend from the die base 80 into the top die 
plat© 78 and allow the top die plate 78 to precisely 
slide down toward the die base 80. The second 
pair of guide pins 87 function identically to the 

30 guide pins 86 and are positioned directly behind 
the guide pins 86 in Rg. 4 at a distance from the 
guide pins 86. The plurality of bearings 88 are 
positioned about the guide pins 86 and 87 for 
controlling the sliding motion of the top die plate 78 

35 relative to the guide pins 86 and 87. The hydraulic 
system 74 provides the force for moving the upper 
and lower press members 70 and 72 together and 
thus presses the stamper 58 against the floppy 
disk 64 under pressure, typically in the range of 

40 775 to 1550 bars (5-10 tons per square inch). 

The flat disk mount 82 maintains the surface 
67 of floppy disk 64. parallel to the surface 62 by 
providing a flat, rigid support surface. 

Rg 5 illustrates a gimbaled disk mount 90 that 

45 can be used in place of the flat disk mount 82. The 
gimbaled disk mount 90 comprises an arcuate sup- 
port member 94 and a flat support member 98. 
The arcuate support member 94 is positioned on 
the die base 80 and has an arcuate surface 102. 

50 The flat support member 98 rests on and is free to 
rotate about the arcuate surface 102. The floppy 
disk 64 is supported by the flat support member 98 
with the surface 67 facing away from flat support 
memb r98. 

55 Rg. 6 shows the stamper disk 58 in more 
detail. Th expanded view in Rg. 5 shows that the 
template 60 is comprised of the plurality of raised 
areas 61 anrang d in a plurality of rows 110. The 
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shape of each rais d area 61 is curved and has the 
shape of the prts 26 shown in Figs. 1 and 2. 

Th magnetic disk 10 is form d by mounting 
the stamper disk 58 on the upper member 70 of 
the hydraulic press 68. The floppy disk 64 is 
mounted on the flat disk mount 82 (or the gimbaled 
disk mount 90) and the hydraulic press 68 is 
closed under approximately 1400 bars (9 tons per 
square inch) of pressure forcing the stamper disk 
58 and the floppy disk 64 into contact. The raised 
areas 61 are forced into the surface 67 of the 
floppy disk 64 thereby creating the pits 26 ar- 
ranged In the rows 30 conresponding to the tem- 
plate 60. It is believed that the polymer binder in 
the magnetic layer 44 of the floppy disk 64 is 
displaced beyond its elastic limit by the stamping 
action thus yielding a permanent deformation In the 
fom^ of the pits 28. 

In order to transfer the pattern 56 uniformly to 
the surface 67. it is necessary that the surfaces 67 
and 62 be oriented parallel to each other when the 
press 68 is closed. When the flat disk mount 82 is 
utilized, the floppy disk 64 and the fiat disk mount 
82 must be properly aligned with the stamper disk 
58 before the press 68 is closed in order to insure 
the proper parallel relationship. In the preferred 
embodiment, this alignment is achieved by housing 
the stamper disk 58 in the precision die set 76 that 
maintains the surfaces 62 and 67 parallel within 
1.27 ttm (5.0 X 10"^ inches)]. Under these toleran- 
ces, the stamper 58 and the floppy disk 64 will 
comply due to clearances in the bearings 88. 

When the gimbaled disk mount 90 is utilized, 
the flat support member is free to rotate about the 
arcuate support member 94 in response to force 
being applied to floppy disk 64 by the stamper disk 
58. Thus, the required parallel orientation between 
the surfaces 62 and 67 is "automatically" achieved 
with the gimbaled disk mount 90 because the flop- 
py disk 64 aligns to the stamper disk 58 under 
pressure. 

Because fingerprints, scratches and/or par- 
ticulate contamination on the stamper disk 58 may 
be replicated into the floppy disk 64. it may be 
desirable that the stamper disk 58 be maintained in 
a quality controlled environment such as a clean 
room. The manufacturing process illustrated in Fig. 
3 could be conducted in the clean room. 

The optical servo tracks 14 function in the 
following manner: light is emitted from the optical 
head 34 and illuminates the surface 22. The data 
recording areas 18 and the smooth regions 46 are 
more reflective (reflect light better) than the, pits 26. 
As the optical head 34 scans across the disk 10, 
the light detector inside the optical h ad 34 d tects 
regions of high reflectivity (i e- the data recording 
areas 18), followed by regions of lower r flectivity 
(i. . the optical servo tracks 14). Th position of the 



optical servo tracks 14 is electronically processed 
to yield servo infomnation for positioning the mag- 
n tic head 38 over th data r cording areas 18. 
The lower reflectivity of the optical servo tracks 14 

5 is attributable to the fact that each of the pits 26 
scatter light The optical head 34 detects each 
optical servo track 14 as a continuous region of 
lower reflectivity, not as a plurality of pits. 

Several advantages result from imprinting the 

10 optical servo tracks 14 with the stamping method 
of the present invention. Rrst, it is estimated that 
tens of thousands of the flexible magnetic disk 10 
can be prepared from a single stamper disk 58. 
Each of the disks 10 prepared from the same 

75 stamper disk 58 will carry identical optical servo 
tracks 14. Thus, manufacturing precision is in- 
creased. Second, the stamping process is very 
fast, generally taking only five to twenty seconds 
per disk. Thus, productivity is increased. Third. 

20 examination of tiie flexible magnetic disk 10 before 
and after application of the optical servo tracks 14 
shows that the surface 22 is smoothed 
(calendered) by the stamping process. It is be- 
lieved that the pressure of tiie stamping process 

25 crushes irregularities in the surface 22. This per- 
mits a magnetic transducer during operation, to fly 
closer to the surface 22 resulting in enhanced data 
reading and/or writing characteristics. Fourtfi, the 
optical servo tracks are indelible (not easily re- 

30 moved) and thus reduce the possibility tiiat servo 
infonmation will be lost or destroyed. 

It should be noted that the method for stamp- 
ing indelible mari<s on the magnetic disk 10 is not 
limited to flexible magnetic disks. Any type of 

35 magnetic medium having a magnetic layer sus- 
pended in a polymer binder and coated on a sub- 
strate could be utilized. For example, the floppy 
disk 64 in Rg. 3 could be replaced by a rigid disk 
such as a Winchester disk. 

40 Rg. 7 illustrates the case where a section of 
magnetic tape 114 replaces tfie floppy disk 64. A 
plurality of tiracks 118 are stamped on the tape 
114. As illustrated in the expanded portion of Rg. 
7. the tracks 118 are comprises of Uie plurality of 

45 pits 120 which are equivalent to the pits 26 shown 
in Rgs. 1 and 2. 

The pits 120 are fomned in the tape 114 using 
a stamper disk bearing a template of the tracks 118 
and a stamping method such as was described 

50 previously in relation to Rg. 3. The pits 120 are 
formed by displacing the polymer binder in tiie 
magnetic layer of the tape 114 beyond its elastic 
limit 

Altiiough the present invention has been de- 
55 scribed in terms of the presentiy prefen-ed 
embodiment(s), it is to b understood that such 
disclosure is not to be int rpr ted as limiting. Var- 
ious alterations and modifications will no doubt 
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become apparent to those skilled in the art after 
having read the above disclosure. Accordingly, it is 
intended that the appended claims be interpreted 
as covering all alterations and modifications as fall 
within the true spirit and scope of the invention. 



Claims 

1. An infonmation storage medium comprising: 

a magnetic medium comprising a magnetic layer 
(44, 45) for storing magnetic data coated on an 
inert substrate (42) and a plurality of indelible 
marks fomied in the magnetic layer (44) by press- 
ing a stamper template, bearing a pattem of the 
indelible marks, into said surface. 

2. The information storage medium of claim 1 
wherein the magnetic medium comprises a floppy 
disk (10) and the magnetic layer (44, 45) comprises 
barium fenite. 

3. The information storage medium of claim 1 
wherein the magnetic medium comprises a floppy 
disk (10) and said indelible marks comprise a plu- 
rality of pits (26), 

4. TTie infomnation storage medium of claim 1 
wherein the magnetic medium cojprises a piece of 
magnetic tape (114). 

5. The infonnnation storage medium of claim 1 
wherein the magnetic medium comprises a hard 
disk. 

6. The flexible magnetic information storage me- 
dium comprising 

a floppy disk (10) for storing magnetic data; and 
a plurality of optical servo tracks (14) for providing 
servo tracking infomiation to a magnetic transducer 
and indelibly fonmed in a magnetic layer of the 
floppy disk (10). each of the optical servo tracks 
(14) comprising a plurality of pits (26) and forming 
a circle concentric with an adjacent optical servo 
track. 

7. The flexible magnetic infonmation storage me- 
dium of claim 6 

wherein a distance of less than 25.4 um (1000 
microinches) separates said adjacent optical servo 
tracks (14). 

8. The flexible magnetic infonmation storage me- 
dium of claim 6 

wherein said pits (26) have a depth of less than 
0.76 Jim (30 microinches). 

9. The flexible magnetic information storage me- 
dium of claim 6 

wherein said pits (26) have a width of less than 1 
um (40 microinches). 

10. The flexible magnetic infonnation storage me- 
dium of claim 6 

wherein each of said optical servo tracks (14) com- 
prises a plurality of rows (30) of pits (26). 

11. The flexible magnetic Information storage me- 



dium of claim 10 

wherein each of said rows (30) comprises less than 
ten pits (26). 

12. A method for applying optical servo tracking 
5 information to a magnetic medium comprising: 

a. positioning a stamper disk (58) having a tem- 
plate (60) for an optical servo tracking pattern on 
at least one surface, relative to a surface (67) of 
a piece of magnetic medium; 

10 and 

b. causing said template (60) on the stamper 
disk (58) to contact said surface (67) of said 
piece of magnetic medium, under pressure, 
whereby an impression of said optical servo 

15 tracking pattem is imprinted on said piece of 
magnetic medium. 

13. The method of claim 12 

wherein said piece of magnetic medium comprises 
a floppy disk (64). 

20 14. The method of claim 12 

wherein said piece of magnetic medium comprises 
a floppy disk (64) and said optical servo tracking 
pattern comprises a plurality of concentric circular 
regions with each of said concentric circular re- 

25 glons comprising a plurality of pits (26). 

15. The method of claim 12 

wherein said template (60) contacts said surface 
(67) of said piece of magnetic medium under pres- 
sure in the range of 775 to 1400 bars (5 to 9 tons 
30 per square inch). 

16. The method of claim 12 
further comprising 

a. maintaining said surface having a template for an 
optical servo tracking pattern parallel to said sur- 
35 face of said piece of magnetic medium within a 
tolerance of 1.27 um (5.0 x 10"^ Inches). 

17. The method of claim 12 
further comprising 

a. mounting said piece of magnetic medium (64) 
40 on a flat platform (98) that can rotate about an 
arcuate surface (102) supporting said flat plat- 
form. 
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Description 

The present invention relates to an Information stor- 
age device according to the preamble of claim 1 , and to 
a stamping master method of manufacturing such an in- 
formation storage device. 

In a known information storage device of the kind 
referred to above (EP-A-0 130 495) reflective marks of 
aluminum are provided on top or under the magnetic 
record layer which are used as optically detectable ser- 
vo-reference patterns. 

The track density of magnetic storage disks for con- 
ventional floppy disk drives is approximately 1 ,9 to 5,3 
T/mm (48 to 1 35 TPI (tracks per inch)). 

In contrast, optical disk drives are capable of achiev- 
ing track densities in excess of 590 T/mm (15000 TPI). 
These higher track densities are achieved through the 
use of closed loop optical servos that allow the read/wrrte 
head to follow data track eccentricities caused by defects 
in the medium and by disturbances from outside forces. 
In rigid type magnetic disk drives, track densities of up 
to 82,67 T/mm (2100 TPI) are presently used. These 
drives commonly have multiple disks in which both sides 
are used for data. To achive the high track density a ded- 
icated surface of one of the disks Is used for nnagnetic 
track servo information. This surface is then not usable 
for data storage. Thus, the total capacity of the drive is 
lessened. The tracking servo information is also capable 
of being accidentially erased causing loss of access to 
all data. 

\fertous techniques have been reported for using op- 
tical means for acquiring track following servo informa- 
tion contained on a magnetic recording medium. For ex- 
ample, Ahn, et a!., in U.S. Patent 4,633.451, issued on 
December 30, 1986, for "Optical Servo For Magnetic 
Disks", discloses the use of a laser diode to read track 
folbwing sen^o information in the form of a plurality of 
spots contained in an optical layer positioned above a 
magnetic recording layer. 

M. Johnson, in U.S. Patent 4,558,383, issued on De- 
cember 10, 1985, for "Information Storage Disk Trans- 
ducer Position Control System Using a Prerecorded Ser- 
vo Pattern Requiring No Alignment With the Storage 
Disk", discloses a servo apparatus having a sensor for 
detecting a pattern of spots on a surface of an informa- 
tion storage medium. The spots comprise a dense array 
of substantially translation Invariant marks and separate 
information recording tracks are detected by measuring 
the rate at which the spots are detected by the sensor. 

J. Cocke, et al., in U.S. Patent 4.587,579, issued on 
May 6, 1 986, for "System for Position Detection on a Ro- 
tating Disk", discloses a sen^o control system comprising 
a detector for reading a plurality of spiral radial-posi- 
tk>n-encoding patterns on a medium. 

H. Kinjo, et al., in U.S. Patent 4,31 5,283, issued Feb- 
ruary 9, 1 982, discloses an apparatus for burning a servo 
pattern comprising a plurality of oval pits into th surface 
of a medium. 



A.S. Hoagland, in "Optical Servo of Magnetic Re- 
cording", IBM Technical Disclosure Bulletin, Vol. 20, No. 
10, page 4108 (March 1978), suggests a system for 
achieving optical servo control where a flexible disk me- 

5 dium includes a plurality of optical sen^o tracks posi- 
tioned underneath a magnetic layer. 

D.A. Thompson, et al.. in "Embossed Servo Tech- 
niques For Floppy Disks", lERE Conference Proceed- 
ings, No. 43, p. 321 (July 1979), discloses the use of em- 

10 bossed marks on magnetic tape media, and dies for 
making the embossed marks, for obtaining non-magnet- 
ic optical or capacitive servo infornnation. The paper sug- 
gests that the technique could be applied to floppy disks. 
N. Koshino and S. Ogawa, in "Optical Method of the 

IS Head Positioning in Magnetic Disk Systems", preprint 
from IEEE Transactions on Magnetics (1980), disclos- 
es an optical head for achieving track following servo 
control which is mounted on the head arm and which in- 
cludes an LED light source and three optical fibers for 

20 delivering light to a medium. The medium comprises a 
plurality of circular optfcal tracks, dyed black, and located 
underneath a nnagnetic film. 

Related work has occurred in the laser video disk 
area, from which optical disks for digital data storage and 

2S the audio laser disk (CD) have evolved. Fundamentally, 
the optical servo information is inscribed and used in the 
same way for all these disks. A mastering machine is 
used to format optical information onto a master disk. 
The master is then replicated to form the actual disk used 

30 by the customer. A laser and associated optics are used 
to acquire the mastered servo information as well as read 
data from the disk. The data can be inscribed during the 
mastering process as with the video and audio disks or 
it can be written by the read/write laser as in disks for 

35 digital infornnation storage. 

R.E. Acosta, et al., in "Floppy Disc Embossing For 
Servo Applications", IBM Technical Disclosure Bulletin, 
Vol. 21, No. 10 (March 1979), suggests adopting 
read-only video technology for the servo control of floppy 

40 disks. It is suggested that a master die could be used to 
stamp or emboss a pattern of indentations for servo 
tracking purposes on a magnetic recording medium. 
However, no actual stamping method or servo pattem Is 
disclosed. 

45 K.D. Broadbent, in "A Review of the MCA Disco- Vi- 
sion System", Joumal of the SMPTE (1974), describes 
the laser video mastering technique as well as the setyo 
and read back methods. A master disk is formed by using 
an argon laser to ablate pits in a metallic layer deposited 

so on a glass plate. The master disk is then coated with pho- 
toresist which is exposed through the pits. After washing 
away the undeveloped photoresist, "bumps" of polymer- 
ized photoresist are left over the pits. This paper refers 
to, but does not disclose, a process for using the master 

55 disk to form replicas on a polyethylene terephthalate 
(Mylar) m dium. 

Broadbent's paper also states that the master disk 
can be electrolytically treated to form a stamper tool from 
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which replicas are thermoformed. 

J.S. Winslow. in "Mastering and Replication of Re- 
flective Videodiscs", IEEE Transactions on Consumer 
Electronics, p. 318, November 1976. describes the vid- 
eodlsk mastering technique in further detail. 5 

Similarly. B. Jacobs, in "Laser Beam Recording of 
Video Master Disks", Applied Optics, Vol. 17, p. 2001 
(July 1 , 1 978), describes the process of making a master 
disk using a laser to inscribe a pit pattern on a rotating 
substrate coated with a thin film of photoresist. 

An article in OER p. 48, May 1987. entitled "Daicel 
Leads Development of the Optical Memory Disk Sup- 
ported by Chemical Technology", shows how a stamper 
disk is used to form an optical disk through an injection 
molding process. 

None of these references disclose a practical meth- 
od for applying high track density optical servo tracks to 
a floppy disk type magnetic medium. 

SUMMARY OF THE PRESENT INVENTION 

It is therefore an object of the present invention to 
provide a practical method for imprinting high track den- 
sity optical sen^o tracks onto a flexible magnetic medium. 

It is another object of the present invention to provide 
a method for imprinting high track density optical servo 
tracks onto a flexible magnetic medium that improves 
data reading performance. 

It is another object of the present invention to provide 
a pattern for high track density optical sen/o tracks that 
yields a high degree of optical contrast. 

Briefly, a preferred embodiment of the present in- 
vention comprises a method for imprinting high track 
density optical servo tracks on a floppy disk which in- 
cludes the step of pressing a stamper disk, bearing a 
template of the optical sen^o track pattem, against the 
floppy disk, under pressure, preferrably in the range of 
775 to 1 550 bars (5-10 tons per square inch). Under this 
amount of pressure, not only is the optical servo track 
pattem transferred from the stamper disk to the floppy 
disk, but imperfections on the surface of the floppy disk 
are also smoothed out (calendered) thus allowing the 
magnetic read/write head to fly closer to the floppy disk 
surface which improves data reading performance. 

Steps are taken to insure that the surfaces of the 
stamper disk and the floppy disk are held parallel so that 
the optical servo track is evenly transferred to the floppy 
disk. This is accomplished by either holding both the 
stamper disk and the floppy disk perfectly parallel and 
flat or by holding one disk rigid and flat and mounting the 
other disk on a gimbaled platform that allows the platform 
to tilt so as to conform to the flat-mounted disk. 

The preferred pattern for the optical servo tracks 
comprises a plurality of equally spaced concentric circu- 
lar rings, with each ring having a different diameter and 
b ing comprised of a plurality of small eliptically-shaped 
pits. The pits are arranged in rows of five v\nth each row 
extending across the width of the circular ring. A plurality 



of smooth areas exist around each pit. A data track ring 
is positioned between every two opt teal servo tracks. 

The pit configuration for the optical servo tracks Is 
chosen because the pits are effective light scatterers that 
provide the optical servo tracks with sufficient contrast 
to allow an optical detector to distinguish between the 
optical servo tracks and the more reflective data tracks. 

The stamper disk is constructed in the same manner 
that stamper disks for use in optical disk manufacturing 
processes are manufactured. For example, a master 
disk is formed by applying a uniform layer of negative 
photoresist to a polished glass substrate. The optical 
track pit pattem is then constructed by exposing the pho- 
toresist at predetermined spots with a laser, a process 
which leaves "pits" at all the exposed sites after the de- 
veloped photoresist is washed away. The stamper disk 
is constructed by electroforming a metal film on the mas- 
ter disk. When the stamper disk Is separated from the 
glass master, it contains a template of the pit pattem in 
the form of a plurality of "bumps". 

The stamper disk is mounted on a stamper disk 
mount and a conventional floppy disk is mounted on a 
disk mount. The stamper disk and the floppy disk, with 
their respective disk mounts, are mounted in a hydraulic 
press with the surfaces of the stamper disk and floppy 
disk maintained parallel to each other within 1 .27 |im 
(5.0 x 10-s inches). The optical servo track pattem is 
formed in the floppy disk when the "bumps" in the 
stamper disk are pressed into the floppy disk surface un- 
der pressure. This process differs from conventional 
compression molding or embossing in that no tempera- 
ture elevation is utilized in the stamping process of the 
present invention. The preformed, conventional floppy 
disks are compressed under pressure at room tempera- 
ture. By utilizing this process, a large quantity of disks 
can be stamped in a given unit of time. 

An advantage of the present invention is that the op- 
tical servo track pattern can be applied directly to a con- 
ventbnal floppy disk. 

Another advantage of the present invention is that 
each stamped disk contains an tndentical optical servo 
track pattem. 

Another advantage of the present invention is that 
only a small amount of time is required to stamp the op- 
tical sen/o track pattern on each floppy disk. 

Another advantage of the present invention is that 
the stamping process smooths out the surface of the 
floppy disk, permitting the read/write heads to fly ck>ser 
to the surface of the fbppy disk. 

Another advantage of the present invention is that 
the optical servo track pattern provides optical contrast 
that is readily detectable by an optical detector. 

These and other objects and advantages of the 
present invention will no doubt become obvious to those 
of ordinary skill in the art after having read the following 
detailed description of the prefen-ed mbodiment(s) 
which are illustrat d in th various drawing figures. 
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IN THE DRAWING 

Fig. 1 illustrates a top view (not to scale) of a flexible 
magnetic disk according to the present invention 
with the details of the optical s rvo tracks shown in 
an exploded segment; 

Fig. 2 is a partial cross-sectionat view of the optical 
servo track taken along the line 2-2 of Fig. 1 ; 

Fig. 3 is a flow chart Illustrating the steps in the 
method of stamping optical servo tracks on a floppy 
disk; 

Fig. 4 illustrates a side view of a hydraulic press (not 
to scale); 

Fig. 5 illustrates a gimbaled disk mount for use in the 
method shown in Fig. 3; 

Fig. 6 Illustrates a template pattern appearing on a 
stamper for use in forming optical servo tracks; and 

Fig. 7 illustrates a top view of a piece of magnetic 
tape having a plurality of indelible marks stamped 
on the tape. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Fig. 1 shows a flexible magnetic disk 10 containing 
a plurality of optical servo tracks 1 4 and a plurality of data 
recording areas 1 8. The optical servo tracks 1 4 are ar- 
ranged in equally spaced concentric circles on a surface 
22 of the magnetic disk 10. Each of the optical sen/o 
tracks 1 4 are comprised of a plurality of pits 26 shown in 
the expanded portion of Fig. 1 . In the preferred embod- 
iment, the pits 26 are elliptical in shape and are an-anged 
in a plurality of rows 30, with each row 30 including five 
of the pits 26. Each row 30 includes a pair of outside pits 
32 which mark the beginning and end of a row 30. The 
number of pits per row or the shape of the pits nnay vary 
with the particular use requirements of the magnetic disk 
10. The optical servo tracks 14 may also appear on a 
surface 33 (shown in Fig. 2) positioned on the opposite 
side of the disk 10 from the surface 22 so that the optical 
servo tracks 14 appear on both sides of the disk 10. 

The flexible magnetic disk 10 is a standard flexible 
magnetic disk to which the optical servo tracks 1 4 have 
been added. The data recording areas 18 are areas on 
the disk 10 circumscribed on two sides by separate op- 
tical servo tracks. Depending on the application, one or 
more magnetic data tracks can be recorded on each of 
the data recording areas 18. 

An optical head 34, which is not part of the present 
invention, moves over the surface 22 and follows the cf)- 
tical servo tracks 14. For example, the optical head 34 
can Include a light source for illuminating th optical ser- 



vo tracks 14 and a detector for detecting light reflected 
by the optical sen^o tracks 1 4. Optical servo information 
derived from th light reflected off the optical servo tracks 
1 4 is used to position a magnetic read and/or write trans- 
s ducer 38 over the data recording areas 1 8 for reading 
and/or writing magnetic data on the data recording areas 
18. 

Fig. 2 shows a cross-sectional view of one of the 
rows 30. The magnetic disk 1 0 is comprised of a poly- 

yo ethylene terephthalate (Mylar) substrate layer 42 coated 
with a first magnetic recording layer 44. A second mag- 
netic recording layer 45 is coated on the opposite side 
of the substrate layer 42 from the first magnetic recording 
layer 44. In the preferred embodiment, the magnetic re- 
ts cording layers 44 and 45 comprise barium ferrite encap- 
sulated in polymer binders. However, other materials 
such as Y - ferric oxide or other metals, suspended in 
other binders, can also be used. The pits 26 are de- 
pressed regions in the surface 22. The pits 26 have a 

20 depth "d" and a width "w". Typically, the depth "d" is cho- 
sen so that the pits 26 do not extend completely through 
the magnetic recording layer 44. A plurality of smooth 
regions 46 surround each of the pits 26. The smooth re- 
gions 46 reflect light better than the pits 26. With the out- 

25 side pits 32, the smooth region 46 is continuous with the 
data recording area 18 as illustrated in Fig 2. Each row 
30 includes five pits and has a width "bMn the preferred 
embodiment, the depth "d" is approximately 0.5 ^im (20 
microinches), the width "w" is approximately 0.76 ^m (30 

30 microinches) and the width "b" is approximately 4.57 |im 
(180 microinches). The separation between the optical 
sen/o tracks 1 4 ("p" in Fig. 1 ) is approximately 20.32 |am 
(800 microinches). 

Fig. 3 is a flowchart showing the steps involved In 

35 imprinting the optical servo tracks 14 on the magnetic 
disk 10. A surface 48 of a glass substrate 50 is coated 
with photoresist and a laser beam is utilized to expose a 
plurality of spots in the configuration of the pits 26. The 
photoresist is developed to remove the exposed spots, 

40 thus forming a glass master 54 which includes the coat- 
ing of photoresist containing a plurality of holes 55 where 
the exposed spots have been removed. The glass mas- 
ter 54 is then plated with a metal coating, such as an 0,28 
mm (eleven mil) thick plate of nickel, by an electrofonm- 

45 ing process, to yield a stamper disk 58 which is then sep- 
arated from the glass master 54. After the metal stamper 
disk 58 is separated from the glass master 54, a template 
60 comprising a plurality of metal bumps 61 (shown in 
Fig. 6) remains on a surface 62 of the stamper disk 58. 

50 The metal bumps 61 are formed during the electroplating 
process when metal is deposited in the holes 55 of the 
photoresist coating. 

The stamper disk 58 and a conventional flexible 
magnetic (floppy) disk 64, such as a 2.0, 3.5, 5.25 or 8.0 

55 inch floppy disk (50,8 ; 88.9 ; 133.35 ; 203.2 mm), are 
mounted on flat plates and assembled in a conventbnal 
press 66. When th floppy disk 64 and the stamper disk 
58 are assembled in the press 66, a surface 67 of the 
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floppy disk 64 and the surface 62 of the stamp r disk 58, 
must be parallel. In the preferred embodiment, a 3.5 inch 
floppy disk (88,9 mm) confomning to th ANSI specifica- 
tion #X3B/86-57 and having a barium f errite layer as the 
magnetic recording layer 44 is utilized as the flexible 
magnetic disk 64. 

Fig. 4 illustrates a one hundred ton hydraulic press 
68 which is utilized as the press 66 in the preferred em- 
bodiment. Other types of presses, besides hydraulic 
presses, could be used as the press 66. The hydraulic 
press 68 comprises an upper press member 70, a tower 
press member 72 and a hydraulic system 74. A precision 
die set 76, which comprises atop die plate 78, a die base 
80, a fiat disk mount 62, a stamper disk mount 84, a first 
pair of guide pins 86, a second pair of guide pins 87 (not 
shown) and a plurality of bearings 88, positioned be- 
tween the upper and lower press members 70 and 72, 
respectively. The flexible magnetic disk 64 Is placed on 
the flat disk rTK»unt 82, which Is posttbned on the die base 
80, and the stamper 56 is positioned on the stamper disk 
mount 84 which is attached to the top die plate 78. The 
top die plate 78 and the die base 80 are positioned on 
the upper and tower press members 70 and 72, respec- 
tively- Tlie first pair of guide pins 86 extend from the die 
base 80 into the top die plate 78 and allow the top die 
plate 78 to precisely slide down toward the die base 80. 
The second pair of guide pins 87 function Identically to 
the guide pins 86 and are positioned directly behind the 
guide pins 86 in Fig. 4 at a distance from the guide pins 
86. The plurality of bearings 88 are positioned about the 
guide pins 86 and 87 for controlling the sliding motion of 
the top die plate 78 relative to the guide pins 86 and 87. 
The hydraulic system 74 provides the force for moving 
the upper and lower press members 70 and 72 together 
and thus presses the stamper 58 against the floppy disk 
64 under pressure, typically in the range of 775 to 1550 
bars (5-10 tons per square inch). 

The flat disk mount 82 maintains the surface 67 of 
floppy disk 64. parallel to the surface 62 by providing a 
flat, rigid support surface. 

Fig. 5 illustrates a gimbaled disk mount 90 that can 
be used in place of the flat disk mount 82. The gimbaled 
disk mount 90 comprises an arcuate support member 94 
and a flat support member 98. The arcuate support mem- 
ber 94 is positioned on the die base 80 and has an ar- 
cuate surface 102. The flat support member 98 rests on 
and is free to rotate about the arcuate surface 102. The 
floppy disk 64 is supported by the flat support member 
98 with the surface 67 facing away from flat support 
member 98. 

Fig. 6 shows the stamper disk 58 in more detail. The 
expanded view in Fig. 6 shows that the template 60 is 
comprised of the plurality of raised areas 61 arranged in 
a plurality of rows 110. The shape of each raised area 
61 is curved and has the shape of the pits 26 shown in 
Figs. 1 and 2. 

Th magnetic disk 10 is formed by mounting the 
stamper disk 58 on the upper member 70 of the hydraulic 



press 68. The floppy disk 64 is mounted on the flat disk 
mount 82 (or the gimbaled disk mount 90) and th hy- 
draulic press 68 is closed under approximat ly 1 400 bars 
(9 tons per squar inch)of pressure forcing th stamper 

5 disk 58 and the floppy disk 64 into contact. The raised 
areas 61 are forced into the surface 67 of the floppy disk 
64 thereby creating the pits 26 aoBnged in the rows 30 
corresponding to the template 60. It is believed that the 
polymer binder in the magnetic layer 44 of the floppy disk 

10 64 is displaced beyond its elastic limit by the stamping 
action thus yielding a permanent deformation in the form 
of the pits 26. 

In order to transfer the pattem 56 uniformly to the 
surface 67, it is necessary that the surfaces 67 and 62 

IS be oriented parallel to each other when the press 68 is 
closed. When the flat disk mount 82 is utilized, the floppy 
disk 64 and the flat disk mount 82 must be properly 
aligned with the stamper disk 58 before the press 68 is 
closed In order to insure the proper parallel relationship. 

20 In the preferred embodiment, this alignment is achieved 
by housing the stamper disk 58 in the precision die set 
76 that maintains the surfaces 62 and 67 parallel within 
1 .27 ^m (5.0 x 10-5 inches). Under these tolerances, the 
stamper 58 and the floppy disk 64 will comply due to 

25 clearances in the bearings 88. 

When the gimbaled disk mount 90 is utilized, the flat 
support member is free to rotate about the arcuate sup- 
port member 94 in response to force being applied to 
floppy disk 64 by the stamper disk 58. Thus, the required 

30 parallel orientatbn between the surfaces 62 and 67 is 
"automatically" achieved with the gimbaled disk mount 
90 because the floppy disk 64 aligns to the stamper disk 
58 under pressure. 

Because fingerprints, scratches and/or particulate 

3S contamination on the stamper disk 58 may be replicated 
into the floppy disk 64, it may be desirable that the 
stamper disk 58 be maintained in a quality controlled en- 
vironment such as a clean room. The manufacturing 
process illustrated in Fig. 3 could be conducted in the 

40 clean room. 

The optical servo tracks 14 function in the following 
manner: light is emitted from the optical head 34 and il- 
luminates the surface 22. The data recording areas 18 
and the smooth regions 46 are more reflective (reflect 

4S light better) than the pits 26. As the optical head 34 scans 
across the disk 10, the light detector inside the optical 
head 34 detects regions of high reflectivity (i.e. the data 
recording areas 18), followed by regions of lower reflec- 
tivity (i.e. the optical sen/o tracks 14). The positton of the 

50 optical sen^o tracks 14 is electronically processed to 
yield servo information for positioning the magnetic head 
38 over the data recording areas 18. The lower reflectiv- 
ity of the optical servo tracks 1 4 is attributable to the fact 
that each of the pits 26 scatter light. The optical head 34 

55 detects each optical servo track 14 as a continuous re- 
gion of lower reflectivity, rrot as a plurality of pits. 

Several advantages result from imprinting the opti- 
cal servo tracks 14 with the stamping method of the 
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areas (26) being patterned as C5ptical sen/o 
tracks (1 4) on said first side of the magnetic flex- 
ible disk medium (10), each of the areas (26, 
30) having disturbed surface contours of said 
5 first magnetic coating (44) affecting light reflec- 

tivity; and 

in that said first magnetic coating (44) is formed 
with a plurality of areas (18) for recording of 
magnetic data on said first side of the magnetic 
10 flexible disk medium (1 0), substanfelly all of the 

individual areas (18) for recording being posi- 
tioned between each of the reduced reflectivity 
areas. 

is 2. The device of claim 1 further comprising: 

a second magnetic coating (45) covering a sec- 
ond side (33) of the magnetic flexible disk 
medium (10); and 
20 a plurality of areas (18) for recording of mag- 

netic data on said second side (33) of the mag- 
netic flexible disk medium. 

3. The device of claim 2 wherein 

25 

said plurality of reduced reflectivity areas (26, 
30, 32) is arranged as equally-spaced concen- 
tric rings (14) on said first (22) and second (33) 
sides of the magnetic flexible disk medium (10) 
30 and comprising disturbed surface contours of 

the second magnetic coating to reduce said light 
reflectivity; 
and wherein 

substantially all of the individual areas (18) for 
55 recording being positioned on respective sur- 

faces between each of the reduced reflectivity 
areas (26, 30, 32). 



present invention. First, it is estimated that tens of thou- 
sands of the flexible magnetic disk 10 can be prepared 
from a single stamper disk 58. Each of the disks 1 0 pre- 
pared from th same stamper disk 58 will carry identical 
optical servo tracks 14. Thus, manufacturing pr cision is 
increased. Second, the stamping process is very fast, 
generally taking only five to twenty seconds per disk. 
Thus, productivity is increased. Third, examination of the 
flexible magnetic disk 10 before and after application of 
the optical sen^o tracks 14 shows that the surface 22 is 
smoothed (calendered) by the stamping process. It is be- 
lieved that the pressure of the stamping process crushes 
irregularities in the surface 22. This permits a magnetic 
transducer during operation, to fly closer to the surface 
22 resulting in enhanced data reading and/or writing 
characteristics. Fourth, the optical servo tracks are indel- 
ible (not easily removed) and thus reduce the possibility 
that servo information will be lost or destroyed. 

It should be noted that the method for stamping in- 
delible marks on the magnetic disk 10 is not limited to 
flexible magnetic disks. Any type of magnetic medium 
having a magnetic layer suspended in a polymer binder 
and coated on a substrate could be utilized. For example, 
the floppy disk 64 in Fig. 3 could be replaced by a rigid 
disk such as a Winchester disk. 

Fig. 7 illustrates the case where a section of mag- 
netic tape 114 replaces the floppy disk 64. A plurality of 
tracks 11 8 are stamped on the tape 1 1 4. As illustrated in 
the expanded portion of Fig. 7, the tracks 118 are com- 
prises of a plurality of pits 120 which are equivalent to 
the pits 26 shown in Figs. 1 and 2. 

The pits 120 are formed in the tape 114 using a 
stamper disk bearing a template of the tracks 1 1 8 and a 
stamping method such as was described previously in 
relation to Fig. 3. The pits 120 are formed by displacing 
the polymer binder in the magnetic layer of the tape 1 1 4 
beyond its elastic limit. 

Although the present invent ton has been described 
in terms of the presently preferred embodiment(s), it is 
to be understood that such disclosure is not to be inter- 
preted as limiting. Various alterations and modifications 
will no doubt become apparent to those skilled in the art 
after having read the above disclosure. 



Claims 

1 . An information storage device, comprising: 

a magnetic flexible disk medium (10) having a 

flat substrate (42) covered on a first side (22) by 

a first magnetic coating (44); and 

an optically detectable pattem for producing 

servo information, 

characterized in that 

said optically detectable pattem is made up by 
a plurality of reflectivity areas (26, X, 32) in the 
material of said first magnetic coating (44), said 



4. The device of any of claims 1 to 3 wherein 

40 the magnetic flexible disk medium (10) comprises a 
flexible circular diskette having a mylar substrate 
(42) coated with barium ferrite magnetic material. 

5. The device of any of claims 1 to 4 wherein 
45 the plurality of reduced reflectivity areas (26, 30, 32) 

each comprises a plurality of surface pits (26) in said 
magnetic coatings (44. 45) each sized and distrib- 
uted to substantially reduce surface reflectivity by 
incident light scattering. 

so 

6. The device of claim 5 wherein 

said pits (26) are elliptical and no deeper than the 
thickness of said magnetic coating (44, 45). 

55 7. The device of claim 6 wherein 

said pits (26) are approximately 0,5 pm deep and 
are approximately 0,76 ^m wide in their minor diam- 
ters. 
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8. Thedevic of any of claims 5 to 7 wherein 

said pits (26) are arranged in rows (30) comprising 
individual outside pits (32) in each row that mark the 
beginning and end of the inner and outer edges of 
an individual concentric ring (14) of reduced reflec- 
tivity. 

9. The device of any of claims 1 to 8 wherein 

the plurality of reduced reflectivity areas (26, 30, 32) 
are spaced approximately 20,32 ^.m from one 
another in said concentric rings (14) and are each 
4,57 ^im wide. 

10. A stamping master method of manufacturing an 
information storage device with a plurality of areas 
of reduced light reflectivity, comprising the steps of: 

coating photoresist on a surface (48) of a sub- 
strate (50) of a glass master (54); 
patterning said photoresist with a pattern of 
spots grouped in concentric circular rings by 
exposing said photoresist with a laser beam; 
developing said photoresist such that part (55) 
of said photoresist is removed from said glass 
master (54); 

plating over said developed photoresist on said 
glass master (54) with a metal coating wherein 
a stamper disk (58) having a plurality of metal 
bumps (61) is formed that correspond to said 
pattern of spots grouped in concentric circular 
rings (14); 

separating said stamper disk (58) from said 
glass master (54); 

matching together said separated stamper disk 
(58) in contact with a magnetic flexible disk 
medium (64) in a press (66); and 
pressing said magnetic flexible disk medium 
(64) and said stamper disk (58) together to 
impress a pattern of spots that correspond to 
said pattern of spots grouped in concentric cir- 
cular rings into a surface (22) of said magnetic 
flexible disk medium (64). 

11. The method of claim 10 wherein 

a floppy disk (64) as said magnetic flexible disk 
medium is matched and pressed. 

12. The method of claim 10 wherein 

said photoresist is exposed so that said pattern of 
spots has regular numbers of spots arranged in 
repeating rows. 

13. The method of claim 10 wherein 

the pressure in the pressing step is in the range of 
775 to 1550 bars. 

14. The method of claim 10 wherein 

a gimbaled disk mount means (90) is used for auto- 



matic parallel alignment of pressure faces (62, 98) 
such that one of the pressure fac s is free to rotate 
about an arcuate surface (102). 

5 

Patentanspriiche 

1. Informationsspeichen/orrichtung mit folgenden 
Merkmalen: 

TO 

eine biegsame magnetische Scheibe als 
Medium (10), das ein ebenes, auf einer ersten 
Seite (22) durch eine erste magnetische 
Beschichtung (44) bedecktes Substrat (42) auf- 
1S weist; und 

ein optisch feststellbares Muster zur Erzeugung 
von Servoinformation, 
dadurch gekennzeichnet, da3 
das optisch feststellbare Muster durch eine 
20 Mehrzahl von Reflexionsbereichen (26, 30, 32) 

in dem Material der ersten magnetischen 
Beschichtung (44) gebildet wird, 
daB die Bereichen (26) als optische Servospu- 
ren (14) auf der ersten Seite der magnetischen, 
2S biegsamen Scheibe als Medium (10) ein Muster 

bilden, 

da3 die jeweiligen Bereiche (26, 30) gestorte 
Oberflachenumrisse auf der ersten magneti- 
schen Beschichtung (44) aufweisen, welche 
30 das Reflexionsvermogen fur Licht beeintrachti- 

gen, und 

da3 die erste magnetische Beschichtung (44) 
mit einer Mehrzahl von Bereichen (18) zur Auf- 
zeichnung von magnetischen Daten auf der 
35 ersten Seite der magnetischen, biegsamen 

Scheibe als Medium (10) ausgebildet 1st, wobei 
im wesentlichen diegesamten individuellen zur 
Aufzeichnung bestimmten Bereiche (18) zwi- 
schen den jeweiligen Bereichen verringerten 
40 Reflexionsvermogens gelegen sind. 

2. Vorrichtung nach Anspurch 1, gekennzeichnet 
durch eine zweite magnetische Beschichtung (45), 
welche die zweite Seite (33) der magnetischen, 

45 biegsamen Scheibe als Medium (10) bedeckt, sowie 
gekennzeichnet durch eine Mehrzahl von Bereichen 
(1 8) zur Aufzeichnung von magnetischen Daten auf 
der zweiten Seite (33) der magnetischen, biegsa- 
men Scheibe als Medium. 

50 

3. Vorrichtung nach Anspruch 2, dadurch gekenn- 
zeichnet, daQ die Mehrzahl der Bereiche verringer- 
ten Reflexionsvermogens (26, 30, 32) als konzentri- 
sche Ringe (14) gleichen Abstandes auf der ersten 

55 (22) und der zweiten (33) Seite der magnetischen, 
flexiblen Scheibe als Medium (10) angeordnet sind 
und gestorte Oberflachenumrisse auf der zweit n 
magnetischen Beschichtung zur Reduzierung des 
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Lichtreflexionsvermogens aufweisen, und dafJ im 
wesentlichen die gesamten individuellen zur Auf- 
zeichnung bestimmten Bereich (18) auf jeweiligen 
Oberflachen zwischen den jeweiligen Bereichen 
(26, 30, 32) verringerten Reflexionsvermogens 
gelegen sind. 

4. Vorrichtung nach einem der AnsprOche 1 bis 3, 
dadurch gekennzeichnet. dal3 die magnetische, 
biegsame Scheibe als Medium (10) eine flexible 
kreisformige Diskette mrt einem Substrat (42) aus 
Mylar aufweist, das mit einem magnetischen Mate- 
rial aus Bariumferrit beschichtet ist. 

5. Vorrichtung nach einem der AnsprOche 1 bis 4, 
dadurch gekennzeichnet, da3 die Mehrzahl der 
Bereiche (26, 30, 32) verringerten Reflexionsvermo- 
gens jeweils eine Mehrzahl von Oberflachenvertie- 
f ungen (26) in den magnetischen Schichten (44. 45) 
aufweisen, die jeweils so bemessen und verteitt 
sind, daS im wesentlichen das Oberflachenreflexi- 
onsvermogen durch Zerstreuen von einfallendem 
Licht verringert wird. 

6. Vomchtung nach Anspruch 5, dadurch gekenn- 
zeichnet, daS die Vertiefungen (26) elliptisch und 
nicht tiefer sind als die Dicke der magnetischen 
Beschichtung (44, 45). 

7. Von-ichtung nach Anspruch 6, dadurch gekenn- 
zeichnet, daB die Vertiefungen (26) ungefahr 0,5 ^m 
tief und an ihrem kleinen Durchmesser ungefahr 
0,76 ^m breit sind. 

8. Vorrichtung nach einem der AnsprOche 5 bis 7, 
dadurch gekennzeichnet, daB die Vertiefungen (26) 
in Reihen (30) angeordnet sind, welche Individueile 
auBenseitige Vertiefungen (32) in jeder Reihe auf- 
weisen, welche den Beginn und das Ende der inne- 
ren und auBeren Rander eines individuellen kon- 
zentrischen Ringes (14) verringerten Reflexionsver- 
mogens markieren. 

9. Vorrichtung nach einem der AnsprOche 1 bis 8, 
dadurch gekennzeichnet, daB die Mehrzahl der 
Bereiche (26, 30, 32) verringerten Reflexionsvemrto- 
gens ungefahr 20,32 ^m voneinander in den kon- 
zentrischen Ringen (14) angeordnet sind und 
jeweils 4,57 ^im breit sind. 

10. Verfahren mittels Pragewerkzeug zur Herstellung 
einer Informationsspetehen/orrichtung mit einer 
Mehrzahl von Bereichen verringerten Lichtreflex- 
ionsvermogens, mit folgenden Schritten: 

auf ein Obertlache (48) eines Substrats (50) 
eines Giasmutterstucks (54) wird eine Photore- 
sistschicht auf gebracht; 



die Photoresistschicht wird mit einem Muster 
von FI cken versehen, die in konzentrischen, 
kreisformigen Ringen gruppiert sind, indem die 
Photoresistschicht mit inem Laserstrahl 

5 belichtet wird; 

die Photoresistschicht wird so entwickelt, daB 
ein Teil (55) des Photoresists von dem Glasmut- 
terstuck (54) entfemt wird; 
uber dem entwickelten Photoresist auf dem 

10, Glasmutterstuck (54) wird eine Metallbeschich- 

tung plattiert, in die eine Pragescheibe (58) mit 
einer Mehrzahl von metallischen Hockem (61 ) 
ausgebildet wird, webhe dem Muster der 
Flecke entsprechen, die in den konzentrischen, 

IS kreisformigen Ringen (14) gruppiert sind; 

die Pragescheibe (58) wird von dem Glasmut- 
terstuck (54) getrennt; 

die getrennte Pragescheibe (58) wird passend 
in Kontakt mit einer magnetischen, flexiblen 
20 Scheibe als Medium (64) in einer Presse (66) 

gebracht und 

die magnetische, flexible Scheibe als Medium 
(64) und die Pragescheibe (58) werden zusam- 
mengepreBt, um ein Muster von Flecken einzu- 
26 drOcken. das dem Muster mit den in konzentri- 

schen, kreisformigen Ringen gruppierten Flek- 
ken entspricht, und zwar in eine Oberf lache (22) 
der magnetischen, flexiblen Scheibe als 
Medium (64). 

30 

11. Vertahren nach Anspruch 1 0, dadurch gekennzeich- 
net, daB eine Floppy-Disk (64) als Medium bzw. 
magnetische, flexible Scheibe angepaBt und 
gepreBt wird. 

35 

12. Verfahren nach Anspruch 10, dadurch gekennzeich- 
net, daB das Photoresist so belichtet wird, daB das 
Muster der Flecke eine regelmaBige Anzahl von 
Flecken ausmacht, die in sich wiederholenden Rei- 

40 hen angeordnet sind. 

1 3. Verfahren nach Anspruch 1 0, dadurch gekennzeich- 
net, daB der Druck bei dem PreBschritt im Bereich 
von 775 bis 1550 bar liegt. 

45 

1 4. Verfahren nach Anspruch 1 0, dadurch gekennzeich- 
net, daB eine kardanischeScheibenaufhangeinrich- 
tung (90) verwendet wird, um die Druckflachen (62, 
98) automatisch parallel auszurichten, wobei eine 

so der Druckflachen frei ist, sich um eine gebogene 
Oberftache (102) zu drehen Oder zu schwenken. 



Revendlcatlons 

55 

1. Dispositif de memorisation d'information, 
comprenant : 
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2. 



un support sous forme de disque magndtique 
souple (10) comportant un substrat plat (42) 
recouvert sur un pr nni6re face (22) par un pre- 
mier revStement magn6tique (44) ; et 
un motif detectable optiquement pour produire 
une information d'asservissement ; 
caract6ris6 : 

en ce que ledit motif detectable optiquement est 
constitud de plusieurs zones de reflectivity (26, 
30, 32) dans la matidre dudit premier revete- 
ment magnetique (44), tesdites zones (26) etant 
dessinees comme des pistes d'asservissement 
optique (14) sur ladite premiere face du support 
sous forme de disque magnetique souple (10), 
ledit premier revetement magn6tique (44) de 
chacune des zones (26, 30) ayant des contours 
de surface tourment6s qui affectent la reflecti- 
vity de la lumiere ; et 

en ce que ledit revetement magnet ique (44) est 
forme de plusieurs zones (18) pour enregistre- 
ment de donnees magnetiques sur ladite pre- 
miere face dudit support sous forme de disque 
magnetique souple (10), sensiblement toutes 
les zones tndividuelles (18) pour I'enregistre- 
ment etant situees entre chacune des zones ^ 
reflecttvite reduite. 

Dispositif selon la revendication 1 , comprenant en 
outre : 

un second revetement magnetique (45) recou- 
vrant la seconde face (33) du support sous 
forme de disque magnetique souple (10) ; et 
plusieurs zones (18) pour enreglstrement de 
donnees magnetiques sur ladite seconde face 
(33) dudit support sous forme de disque magne- 
tique souple. 



le support sous fomne de disque magnetique 
souple (10) est constitue d'une disquette souple 
circulair ayant un substrat en mylar (42) revStu 
d'une matiere magnetique ^ base de ferrit et 
5 de baryum. 

5. Dispositif selon Tune quelconque des revendtca- 
tlons 1 ^ 4. dans lequel : 

10 lesdites plusieurs zones ^ reflecttvite reduite 

(26, 30, 32) comprennent chacune plusieurs 
crateres de surface (26) dans lesdits rev§te- 
ments magnetiques (44, 45) chacun etant 
dimensionne et reparti pour reduire sensible- 

15 ment la reflectivite de surface par diffusion de 

la lumiere incidente. 

6. Dispositif selon la revendication 5, dans lequel les- 
dits crateres (26) sont elliptiques et ne sont pas plus 

20 profonds que I'epaisseur dudit revetement magneti- 
que (44, 45). 

7. Dispositif selon la revendication 6, dans lequel ; 

25 lesdits crateres (26) ont une profondeur d'envi- 

ron 0,5 |im et ont une largeur d'environ 0,76 |im 
au droit de leurs diametres les plus petits. 

8. Dispositif selon I'une quelconque des revendica- 
30 tlons 5^7, dans lequel : 

lesdits crateres (26) sont disposes en rangees 
(30) comprenant. dans chaque rangee, des cra- 
teres exterieurs individuels (32) qui marquent le 
35 commencement et la fin des bords interieur et 

exterieur d'un anneau concentrique individuel 
(14) k reflectivite reduite. 



3. Dispositif selon la revendication 2, dans lequel : 

40 

lesdites plusieurs zones k reflecttvite reduite 
(26, 30, 32) sont agencees sous forme 
d'anneaux concentriques regulierement espa- 
ces (14) sur ladite premiere (22) et ladite 
seconde (33) faces du support sous forme de 4S 
disque magnetique souple (10), et comprenant 
les contours de surface tourmentes dudit 
second revetement magnetique pour reduire 
ladite reflectivite de la lumiere ; 
et dans lequel : so 
sensiblement toutes les zones individuelles (1 8) 
pour enreglstrement sont situees sur des surfa- 
ces respectfves entre chacune des zones k 
reflectivite reduite (26, 30, 32). 

55 

4. Dispositif selon i'une quelconque des revendica- 
tions 1 k 3, dans lequel : 



9. Dispositif selon I'une quelconque des revendica- 
tlons 1 k 8, dans lequel : 

lesdites plusieurs zones k reflectivite reduite 
(26, 30, 32) sont espac6es d'environ 20,32 ^im 
les unes des autres dans lesdits anneaux con- 
centriques (14) et ont chacune une largeur de 
4,57 Jim. 

10. Proc6de de fabrication, par matrice d'estampage, 
d'un dispositif de memorisation d* information avec 
plusieurs zones de reflectivite de la lumiere reduite, 
comprenant les etapes : 

de revetement avec un photoresist d'une sur- 
face (48) d'un substrat (50) d'une matrice en 
verre (54) ; 

de dessin dudit photoresist k t'aide d'un motif de 
points groupes en des anneaux circulaires con- 
centriques par exposition dudit photoresist k 
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Taide d'un taisceau laser ; 

de d6veloppement dudit photoresist pour 

qu'une partie (55) dudit photor^ist soit eiimin^e 

de ladite rmtric en verre (54) ; 

de placage sur ledit pjiotor^sist d6velopp6 sur s 

ladite matrlce en verre (54) d'un revdtement de 

m6tal, pour former ainsi un disque k estamper 

(58), comportant plusieurs bosses m§talliques 

(61) qui correspondent audit motif de points 

group^s en anneaux circulaires concentriques io 

(14); 

de separation dudit disque d'estampage (58) de 
ladite matrice en verre (54) ; 
d'appariement dudit disque d'estampage 
s6par6 (58) en contact avec un support sous is 
forme de disque magn§tique souple (64) dans 
une presse (66) ; et 

de pressage dudit support sous forme de disque 
magnetique souple (64) et dudit disque 
d'estampage (58) ensemble pour imprimer, 20 
dans une surface (22) dudit support sous forme 
de disque magn^tique souple (64), un motif de 
points qui correspond audit motif de points grou- 
p^s en anneaux circulaires concentriques. 

25 

11. Proc6de selon la revendication 10, dans lequel : 

on apparte et Ton presse une disquette (64) en 
tant que support sous forme de disque magne- 
tique souple. 30 

12. Procede selon la revendication 10, dans lequel ; 

ledit photoresist est expose de sorte que ledit 
motif de points comporte des nombres de points 3S 
reguliers disposes en des rangdes se r^petant. 

13. Proc6de selon la revendication 10, dans lequel : 

la pression de ladite etape de pressage est dans 40 
la plage allant de 7.75 ^15,5 kPa (775 ^ 1.550 
bars). 

14. Procede selon la revendication 10. dans lequel : 

45 

on utilise un moyen de montage de disque k la 
Cardan (90) pour I'alignement parall6le auto- 
mat ique des faces de pression (62, 98) pourque 
Tune des faces de pression solt libre de toumer 
autour d'une surface arqu6e (1 02). so 
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